1 undertook an analysis of the energy savings and cost impacts associated with the use of newer and more efficient residential building energy codes in the states of Louisiana and Mississippi.
Tables

Whole Building Analysis
The whole building analysis examines energy used for space heating and air conditioning. Although there is additional potential to save energy used for water heating and appliances, those devices are preemptively regulated by Federal law and are not subject to state/local codes.
Assumptions
The assumptions and methodology used in the energy modeling are described below.
Simulation Model
The EnergyGauge simulation tool (Florida Solar Energy Center 1999) was used to estimate the savings from alternative energy efficiency scenarios. EnergyGauge utilizes the DOE-2 simulation model that estimates the building energy use for all 8760 hours in a year.
House Prototype
The house design considered was a 2000 ft 2 two-story house, 25x40 ft, with a slab-ongrade foundation. This area is slightly smaller than the average new site-built house, but larger than the average new multifamily unit or manufactured home. The window area is 332 ft 2 (15% window-to-wall area ratio) equally oriented north, south, east, and west. There are two doors with a total area of 40 ft 2 . Heating with a natural gas furnace and central electric air conditioning are assumed. Electric resistance and electric heat pump heating are also briefly examined. Additionally, energy use estimates are generated for a house with a raised crawl space foundation. Heating, ventilation, and air conditioning (HVAC) equipment and ducts are assumed to be in the attic. Window U-factors were obtained from the Efficient Windows Collaborative. Duct area was obtained from the DOE's Building America Benchmarks (National Renewable Energy Laboratory 2004).
Energy Efficiency Alternatives
Five building level energy efficiency alternatives are examined-two baseline levels, a possible energy code level, and two "beyond-code" levels. The baseline is considered two ways. The first is an approximation of measures in typical existing housing in the rebuilding region. This baseline is heavily influenced by the older vintage housing in the area. The Energy Information Administration estimates that 38% of housing in the South Census Region were built prior to 1970; 58% were built before 1980; and 81% were built before 1989 (DOE 2006 In addition to the five whole-building efficiency levels, we also briefly examine two isolated efficiency measures in new homes: advantageous solar orientation and sealed (and tested) air distribution ducts. Finally, a number of isolated measures in retrofits to existing housing are examined.
There are different options available to comply with the IECC, Energy Star, and the tax credit. Additionally, the measures will vary somewhat based on the building design. The assumed methods here are likely to be commonly used and will keep the construction cost increases relatively low. The measures used here to comply with the IECC are not the same as the prescriptive measures in the IECC but rather comply via the code's performance path. Although the Energy Star Home program gives credit for improved lighting and appliances, it is assumed here for comparison purposes that the Energy Star option uses the same lights and appliances as the baseline and IECC scenarios; lights and appliances are briefly examined individually at the end of this report. Tables 1 and 2 show the assumptions used in the energy analysis. 1. Floor insulation is applicable to crawlspace foundations, not slab-on-grade foundations. 2. The prescriptive requirement in the 2006 IECC for ceiling/roof R-value is R-30. A lower ceiling insulation R-value was traded off for higher window performance and higher efficiency heating equipment. 3. Single and double, with reference to windows throughout this report, means single and double glazing. 4. SHGC is solar heat gain coefficient 5. The Federal minimum Annual Fuel Utilization Efficiency (AFUE) requirement is 78%. A higher efficiency heating system was used in this simulation because 80% is the most commonly used efficiency level for new furnaces. 6. A 10 SEER was the most commonly used efficiency level before Federal minimum standards increased to 13 SEER in January 2006. 7. EnergyGauge assumes that the occupants will alter their thermostat settings to save energy (reducing comfort to some degree) if a programmable thermostat is used. There is no evidence to support this assumption. Table 3 shows the results of the energy simulations for a house with a slab-on-grade foundation and a gas furnace heating system. The electricity use is almost entirely for cooling though there is a small amount of fan energy use during heating season (1 kWh=3413 Btu or 0.003413 MBtu). Table 4 shows how the results vary by heating system type. These systems are all utilized in the Gulf Coast region, although heat pumps are apparently the least common of the three. Energy Star and the tax credit procedures allow electric resistance heating, but heavily penalize this heating system necessitating substantial improvements beyond what is required for other heating systems, so it is unlikely that electric resistance heating would be used for these alternatives. Furthermore, the package identified for the tax credit does not qualify when a heat pump is used instead of a natural gas furnace. With the high natural gas prices and the mild climate, an electric heat pump has lower heating costs than the natural gas furnace. Note the diminishing returns where the improved heating system saves less for the more efficient building alternative (and vice-versa). Table 5 shows results for a crawl space foundation rather than a slab-on-grade foundation. Both foundation types are common in the Gulf Coast region. A raised foundation such as a crawl space may be more common in low-lying areas prone to flooding. Table 6 shows the impacts of specific improvements or reductions compared to the baseline for the new house with slab-on-grade foundation and natural gas heating. The improved orientation/shading scenario has 58% of the window area facing south, only one window on the east and west sides of the house, and 2-ft. overhangs on the north and south sides of the house. The sealed duct scenario has only 100 cfm duct leakage to the outside of the house when tested at a pressure of 25 Pascals. Tables 7 and 8 show an estimate of construction cost impacts for the various improvements examined above. vs. Baseline (a) These windows are the same type (materials and technology) as used in the Energy Star house, but would require the builder to be more selective in finding more energy efficient windows in the range available for that window type.
Energy Simulation Results
Economic Results
Because most houses are financed, consumers will be very interested in the financial impacts of mortgages, which spread the payment for the cost of a house over a long period of time. In this analysis, a fixed-rate mortgage was assumed. It was also assumed that homebuyers will deduct the interest portion of the payments from their income taxes.
The financial and economic parameters required for input to this analysis are summarized below. These parameters are used to calculate the costs and benefits of increased energy efficiency from the homeowner's perspective. A relatively low down payment and a moderate Federal income tax rate were selected.
New-home mortgage parameters: -7.0% mortgage interest rate (fixed rate) -points and loan fees equal to 1.6% of the mortgage amount -30-year loan term -10% down payment.
Other rates and economic parameters: -7% nominal discount rate -28% marginal federal income tax (it is assumed that tax deduction for mortgage is utilized) -1% property tax -3% nominal inflation for fuel prices -30-year analysis period, no residual/salvage value. Table 9 shows the impacts to consumers' cash flow resulting from IECC compliance. The up-front costs include the down payment, points, and loan fees. This report has focused on energy efficiency improvements in new residential buildings. Some residences damaged by Katrina will not need to be replaced completely but will only need renovations. Table 10 shows the estimated costs and energy savings of some opportunities for energy efficiency improvements that can occur in renovation projects. The window cost in Table 10 is from the 2006 Gulf Coast Reconstruction Estimator (Craftsman Book Company 2006) for a 4 ft. by 4 ft. sliding window. Based on this particular cost data, the payback from improved windows may not appear attractive. However, single-pane windows can have substantial disadvantages that are not accounted for in building energy simulations. The inner surface temperature of a single-pane aluminum window will become quite low during the coldest winter conditions. This can result in an unpleasant drafty feeling for occupants in the vicinity of the windows. Also, the cold surface can lead to possible water condensation which could eventually result in water damage to the windows or walls over the long run.
The cost of the improved air conditioner efficiency in Table 10 is from the Federal Register (May 23, 2002, Vol. 67, p. 36367) .
Lighting and Appliances
This report has examined energy saving opportunities for space heating and cooling only. A brief estimate of potential savings from improved lighting and appliances is provided below in Table 11 . 
Appliances
All the appliance savings in Table 11 are relative to the minimum efficiency appliance at the current Federal manufacturing minimum standards. If the appliances are to replace older appliances that may be much less efficient, the savings can increase considerably. Manufacturers can qualify for tax credits for energy efficiency appliances, which should be passed on to consumers (see http://www.energytaxincentives.org/tiapappliances.html).
The refrigerator, clothes washer, and dish washer costs below are all the midrange cost from Energy Star web pages listed within each subsection below.
Refrigerator
An Energy Star compliant refrigerator is at least 15% more energy efficient than Federal manufacturing minimum standards. This is estimated to save $9 a year over a new nonEnergy Star refrigerator (http://www.energystar.gov/ia/partners/reps/pt_reps_res_retail/files/retail_annual_savings .pdf ). Savings from replacing an older refrigerator can be much higher; for example $65 annual savings over a pre-1993 refrigerator (http://www.energystar.gov/ia/partners/manuf_res/downloads/Refrigerator_Partner_Reso urce_Guide.pdf). The manufacturer tax credit ranges from $75 per refrigerator for exceeding Federal standards by 15% to $175 for exceeding Federal standards by 25%.
Clothes Washer
The annual energy cost savings is estimate to be $59 (http://www.energystar.gov/ia/partners/manuf_res/downloads/ClothesWasher_Partner_R esource_Guide.pdf). $32 of this savings is from reduced water usage and $27 is from reduced energy usage. The manufacturer tax credit is $100.
Dish Washer
The Energy Star dishwasher web site reported to save an average of $13 a year, with about $4 of the savings coming from reduced water usage.
(http://www.energystar.gov/ia/partners/manuf_res/downloads/Dishwasher_Partner_Reso urce_Guide.pdf ). The manufacturer tax credit is $32.31.
